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Reinforced coatings with improved scratch resistance 

The present invention relates to coating compositions comprising an organic film-forming 
binder, preferably a coating material, and an inorganic additive of small particle size 
dispersed in an aequeous or alcoholic solvent to the use thereof in coating compositions as 
reinforcer of coatings and improver of scratch resistance in coating compositions for 
surfaces. 

Organic coatings are generally susceptible to damages by abrasion and by scratching. Inor- 
ganic additives such as metal oxides are hard materials and can be used to reinforce coa-. 
tings, thus increasing their resistance towards damages. A disadvantage of inorganic addi- 
tives is, however, their low transparency of visible light. This may induce opacity or an unde- 
sired color shift of the substrate. This disadvantage can be circumvented when the inorganic 
additives are small enough not to interfere with visible light, that is, below a given size, light 
diffraction can be suppressed. The preparation of small inorganic particles has been des- 
cribed, for example by Stober, Fink and Bohn [J. Colloid Interface ScL 1969, 26, 62]. The 
smaller particles are, the more they tend to agglomerate and aggregate. This tendency must 
be suppressed in order to achieve the anticipated beneficial results. Generally, agglomera- 
tion is suppressed by functionalising the particles, for example by modifying the surface of 
particles with a reactive group that shows high compatibility with the matrix system, for 
example the coating. In fact, it has been noted that surface modifications are essential to 
achieve advantageous effects. 

It has been found a process and a composition, which is based on the use of inorganic addi- 
tives in order to reinforce coatings. Surprisingly the inorganic particles do not essentially 
need to be modified at their surface in order to show good compatibility with coatings 
components. Also remarkably, these coatings show significantly increased scratch 
resistance after curing already at low additive concentrations, when compared with coatings 
that have not been treated with such inorganic additives. Finally, the addition of small 
quantities of additives according to our procedure unexpectedly improves the initial gloss of 
the coating and leads to transparent coatings. This effect provides a further advantage of 
our technology. 
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The invention therefore relates to coating compositions comprising 

a) an organic film-forming binder, and 

b) an inorganic additive of small particle size dispersed in an aqueous or alcoholic 
solvent prepared by a process which comprises the hydrolysis of a metal alcoholate, 
metal halide or a compound of the formula I 



in which 

Ri is Ci-CsalkyI, Cs-Cscycloaikyl, phenyl or d-C 4 alkyl substituted phenyl; 

R 2 is Ci-C 8 alkyl, and 

n is 0, 1 , 2 or 3; with a base. 

Alkyl having up to 8 carbon atoms is a branched or unbranched radical such as, for 
example, methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, 2-ethyl-butyl, 
n-pentyl, isopentyl, 1-methylpentyI, 1,3-dimethylbutyl, n-hexyl, 1-methylhexyl, n-heptyl, 
isoheptyi, 1,1,3,3-tetramethylbutyl, 1-methylheptyl, 3-methylheptyl, n-octyl or 2-ethylhexyI. 

C 5 -C 8 cycloalkyI is for example cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl. Preference 
is is given to cyclohexyl. 

C 1 -C 4 Alkyl-substituted phenyl, which contains preferably from 1 to 3, especially 1 or 2, alkyl 
groups, is, for example, o-, m- or p-methylphenyl, 2,3-dimethylphenyl, 2,4-dimethylphenyl, 
2,5-dimethylphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyI, 2-methyl-6- 
ethylphenyl, 4-tert-butylphenyl, 2-ethylphenyl or 2,6-diethylphenyl. 

Of special interest are transparent coating compositions which after curing lead to transpa- 
rent coatings. 




(I) 



Preferably the metal in the metal alcoholates and metal halides are beryllium, aluminium, 
titanium, chromium, iron, zinc, zirconium, niobium or cerium. 
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Halides are for example fluorides, chorides, bromides or iodides. 

Preferably the alcoholic solvent is methanol, ethanol, n-propanol, isopropanol, n-butanol, 
isobutanol or tert-butanol or mixtures thereof. 

Of interest are coating compositions in which the base is an aqueous base. 

Of special interest are coating compositions in which the base is an amine of the formula II 

R 3 -< («> 

wherein 

R 3 , R4 and R 5 independently of one another are hydrogen or CVCsalkyl. 

Preferably the particle size of component (b) [inorganic additive] is in the range of from 2 to 
300 nanometre. 

Of interest are coating compositions wherein in the preparation of component (b) the hydro- 
lysis takes place at a temperature range of from -20 to 80°C, especially -10 to 50°C, for 
example 10-25°C. 

Of special interest are compositions wherein in the compound of the formula I n is 0. 

Particular mention is to be made of coating compositions in which component (b) is a hydro- 
lized compound of the formula I wherein, R 2 is ethyl, and n is 0, with aqueous ammonia. 

The starting materials for the preparation of component (b) like for example the metal alco- 
holates, metal halides or the compounds of the formula I are known in the literature and 
most of them commercially available at Fluka or Aldrich. 

The coating composition is preferably a coating material or paint, especially an aqueous 
coating material or an aequeous paint. 
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Examples of coating materials are lacquers, paints or varnishes. These always contain an 
organic film-forming binder in addition to other, optional components. 

Preferred organic film-forming binders are epoxy resins, polyurethane resins, amino resins, 
acrylic resins, acrylic copolymer resins, polyvinyl resins, phenolic resins, styrene/butadiene 
copolymer resins, vinyl/acrylic copolymer resins, polyester resins, UV-curable resins or alkyd 
resins, or a mixture of two or more of these resins, or an aqueous basic or acidic dispersion 
of these resins or mixtures of these resins, or an aqueous emulsion of these resins or mix- 
tures of these resins. 

Of particular interest are organic film-forming binders for aqueous coating compositions, 
such as, for example, alkyd resins; acrylic resins, two-component epoxy resins; 
polyurethane resins; polyester resins, which are usually saturated; water-dilutable phenolic 
resins or derived dispersions; water-dilutable urea resins; resins based on vinyl/acrylic 
copolymers; and hybrid systems based on, for example, epoxy acrylates. 

More specifically, the alkyd resins can be water-dilutable alkyd resin systems which can be 
employed in air-drying form or in the form of stoving systems, optionally in combination with 
water-dilutable melamine resins; the systems may also be oxidatively drying, air-drying or 
stoving systems which are optionally employed in combination with aqueous dispersions 
based on acrylic resins or copolymers thereof, with vinyl acetates, etc. 

The acrylic resins can be pure acrylic resins, epoxy acrylate hybrid systems, acrylic acid or 
acrylic ester copolymers, combinations with vinyl resins, or copolymers with vinyl monomers 
such as vinyl acetate, styrene or butadiene. These systems can be air-drying systems or 
stoving systems. 

In combination with appropriate polyamine crosslinkers, water-dilutable epoxy resins exhibit 
excellent mechanical and chemical resistance. If liquid epoxy resins are used, the addition 
of organic solvents to aqueous systems can be omitted. The use of solid resins or solid- 
resin dispersions usually necessitates the addition of small amounts of solvent in order to 
improve film formation. 



WO 2005/040289 



PCT/EP2004/052448 



-5- 

Preferred epoxy resins are those based on aromatic polyols, especially those based on bis- 
phenols. The epoxy resins are employed in combination with crosslinkers. The latter may in 
particular be amino- or hydroxy-functional compounds, an acid, an acid anhydride or a 
Lewis acid. Examples thereof are polyamines, polyaminoamides, polysulfide-based 
polymers, polyphenols, boron fluorides and their complex compounds, polycarboxylic acids, 
1 ,2-dicarboxylic anhydrides or pyromellitic dianhydride. 

Polyurethane resins are derived from polyethers, polyesters and polybutadienes with termi- 
nal hydroxyl groups, on the one hand, and from aliphatic or aromatic polyisocyanates on the 
other hand. 

Preferably, the polyurethanes are prepared in situ from polyethers, polyesters and polybuta- 
dienes with terminal hydroxyl groups, on the one hand, and from aliphatic or aromatic poly- 
isocyanates on the other hand. 

Examples of suitable polyvinyl resins are polyvinylbutyral, polyvinyl acetate or copolymers 
thereof. 

Suitable phenolic resins are synthetic resins in the course of whose construction phenols 
are the principal component, i.e. in particular phenol-, cresol-, xylenol- and resorcinol-form- 
aldehyde resins, alkylphenolic resins, and condensation products of phenols with acetalde- 
hyde, furfurol, acrolein or other aldehydes. Modified phenolic resins are also of interest. 

UV-(ultraviolet) curable resins may contain one or more olefinic double bonds. They may be 
of low (monomeric) or relatively high (oligomeric) molecular mass. Examples of monomers 
containing a double bond are alkyl or hydroxyalkyl acrylates or methacrylates, such as 
methyl, ethyl, butyl, 2-ethylhexyl or 2-hydroxyethyl acrylate, isobornyl acrylate, methyl meth- 
acrylate or ethyl methacrylate. Other examples are acrylnitrile, acrylamide, methacrylamide, 
N-substituted (meth)acrylamides, vinyl esters such as vinyl acetate, vinyl ethers such as iso- 
butyl vinyl ether, styrene, alkylstyrenes and halostyrenes, N-vinylpyrrolidone, vinyl chloride 
or vinylidene chloride. 

Examples of monomers containing two or more double bonds are ethylene glycol, propylene 
glycol, neopentyl glycol, hexamethylene glycol and bisphenol A diacrylates, 4,4'-bis(2-acryl- 



WO 2005/040289 



PCT/EP2004/052448 



-6- 

oyloxyethoxy)diphenylpropane, trimethylolpropane triacrylate, pentaerythritol triacrylate or 
tetraacrylate, vinyl acrylate, divinylbenzene, divinyl succinate, diallyl phthalate, triallyl phos- 
phate, triallyl isocyanurate or tris(2-acryloylethyl) isocyanurate. 

Examples of relatively high molecular mass (oligomeric) polyunsaturated compounds are 
acrylated epoxy resin and acrylated or vinyl ether- or epoxy-functional polyesters, polyureth- 
anes and polyethers. Further examples of unsaturated oligomers are unsaturated polyester 
resins, generally prepared from maleic acid, phthalic acid and one or more diols and having 
molecular weights of from about 500 to 3000. In addition to these it is also possible to use 
vinyl ether monomers and oligomers, and also maleate-terminated oligomers with poly- 
esters, polyurethane, polyether, polyvinyl ether and epoxide main chains. Especially suitable 
are combinations of polymers and oligomers which carry vinyl ether groups, as described in 
WO-A-90/01512. Also suitable, however, are copolymers of monomers functionalized with 
maleic acid and vinyl ether. 

Also suitable are compounds containing one or more free-radically polymerizable double 
bonds. In these compounds the free-radically polymerizable double bonds are preferably in 
the form of (meth)acryloyl groups. (Meth)acryloyl and, respectively, (meth)acrylic here and 
below means acryloyl and/or methacryloyl, and acrylic and/or methacrylic, respectively. Pre- 
ferably, at least two polymerizable double bonds are present in the molecule in the form of 
(meth)acryloyl groups. The compounds in question may comprise, for example, (meth)acryl- 
oyl-functional oligomeric and/or polymeric compounds of poly(meth) acrylate. The number- 
average molecular mass of this compound may be for example from 300 to 10 000, prefe- 
rably from 800 to 10 000. The compounds preferably containing free-radically polymerizable 
double bonds in the form of (meth)acryloyl groups may be obtained by customary methods, 
for example by reacting poly(meth)acrylates with (meth)acrylic acid. These and other prepa- 
ration methods are described in the literature and are known to the person skilled in the art. 
Unsaturated oligomers of this kind may also be referred to as prepolymers. 

Functionalized acrylates are also suitable. Examples of suitable monomers which are nor- 
mally used to form the backbone (the base polymer) of such functionalized acrylate and 
methacrylate polymers are acrylate, methyl acrylate, methyl methacrylate, ethyl acrylate, 
ethyl methacrylate, n-butyl acrylate, n-butyl methacrylate, isobutyl acrylate, isobutyl meth- 
acrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate etc. Additionally, appropriate 
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amounts of functional monomers are copolymerized during the polymerization in order to 
give the functional polymers. Acid-functionalized acrylate or methacrylate polymers are 
obtained using acid -functional monomers such as acrylic acid and methacrylic acid. 
Hydroxy-functional acrylate or methacrylate polymers are formed from hydroxy-functional 
monomers, such as 2-hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate and 
3,4-dihydroxybutyl methacrylate. Epoxy-functionalized acrylate or methacrylate polymers 
are obtained using epoxy-functional monomers such as glycidyl methacrylate, 2,3- 
epoxybutyl methacrylate, 3,4-epoxybutyl methacrylate, 2,3-epoxycyclohexyl methacrylate, 
10,11-epoxyundecyl methacrylate etc. Similarly, for examle, isocyanate-functionalized 
polymers may be prepared from isocyanate-functionalized monomers, such as meta- 
isopropenyl-a,a-dimethylbenzyl isocyanate, for example. 

Particularly suitable compounds are, for example, esters of ethylenically unsaturated mono- 
functional or polyfunctional carboxylic acids and polyols or polyepoxides, and polymers con- 
taining ethylenically unsaturated groups in the chain or in side groups, such as unsaturated 
polyesters, polyamides and polyurethanes and copolymers thereof, alkyd resins, polybuta- 
diene and butadiene copolymers, polyisoprene and isoprene copolymers, polymers and co- 
polymers containing (meth)acrylic groups in side chains, and also mixtures of one or more 
such polymers. 

Examples of suitable monofunctional or polyfunctional unsaturated carboxylic acids are 
acrylic acid, methacrylic acid, crotonic acid, itaconic acid, cinnamic acid, maleic acid, fumaric 
acid, unsaturated fatty acids such as linolenic acid or oleic acid. Acrylic acid and methacrylic 
acid are preferred. 

It is, however, also possible to use saturated dicarboxylic or polycarboxylic acids in a mixture 
with unsaturated carboxylic acids. Examples of suitable saturated dicarboxylic or polycarb- 
oxylic acids include tetrachlorophthalic acid, tetrabromophthalic acid, phthalic acid, trimellitic 
acid, heptanedicarboxylic acid, sebacic acid, dodecanedicarboxylic acid, hexahydrophthalic 
acid, etc. 

Suitable polyols include aromatic and especially aliphatic and cycloaliphatic polyols. Pre- 
ferred Examples of aromatic polyols are hydroquinone, 4,4 , -dihydroxybiphenyl, 2,2-di(4- 
hydroxyphenyl)propane, and also novolaks and resols. Examples of polyepoxides are those 
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based on the aforementioned polyols, especially the aromatic polyols, and epichlorhydrin. 
Further suitable polyols include polymers and copolymers containing hydroxyl groups in the 
polymer chain or in side groups, such as polyvinyl alcohol and copolymers thereof or poly- 
hydroxyalkyl methacrylates or copolymers thereof, for example. Oligoesters containing 
hydroxyl end groups are further suitable polyols. 

Examples of aliphatic and cycloaliphatic polyols are alkylenediols having preferably from 2 
to 12 carbon atoms, such as ethylene glycol, 1,2- or 1,3-propanediol, 1,2-, 1,3- or 1,4- 
butanediol, pentanediol, hexanediol, octanediol, dodecanediol, diethylene glycol, triethylene 
glycol, polyethylene glycols having molecular weights of preferably from 200 to 1500, 1,3- 
cyclopentanediol, 1,2-, 1,3- or 1 ,4-cyclohexanediol, 1,4-dihydroxymethylcyclohexane, 
glycerol, tris(p-hydroxyethyl)amine, trimethylolethane, trimethylolpropane, pentaerythritol, 
dipentaerythritol and sorbitol. 

The polyols may have been partly or fully esterified with one or more different unsaturated 
carboxylic acids, the free hydroxyl groups in partial esters possibly having been modified, 
e.g. etherified or esterified with other carboxylic acids. Examples of such esters are for 
example trimethylolpropane triacrylate, trimethylolethane triacrylate, trimethylolpropane tri- 
methacrylate, trimethylolethane trimethacrylate, tetramethylene glycol dimethacrylate, tri- 
ethylene glycol dimethacrylate, tetraethylene glycol diacrylate, pentaerythritol diacrylate, 
pentaerythritol triacrylate, pentaerythritol tetraacrylate, dipentaerythritol diacrylate, 
dipentaerythritol triacrylate, dipentaerythritol tetraacrylate, dipentaerythritol pentaacrylate, 
dipentaerythritol hexaacrylate, tri pentaerythritol octaacrylate, pentaerythritol dimethacrylate, 
pentaerythritol trimethacrylate, dipentaerythritol dimethacrylate, dipentaerythritol 
tetramethacrylate, tripentaerythritol octamethacrylate, pentaerythritol diitaconate, 
dipentaerythritol trisitaconate, dipentaerythritol pentaitaconate, dipentaerythritol 
hexaitaconate, ethylene glycol diacrylate, 1,3-butanediol diacrylate, 1,3-butanediol 
dimethacrylate, 1 ,4-butanediol diitaconate, sorbitol triacrylate, sorbitol tetraacrylate, modified 
pentaerythritol triacrylate, sorbitol tetramethacrylate, sorbitol pentaacrylate, sorbitol 
hexaacrylate, oligoester acrylates and methacrylates, glycerol diacrylate and triacrylate, 
1 ,4-cyclohexane diacrylate, bisacrylates and bismethacrylates of polyethylene glycol having 
a molecular weight from 200 to 1 500, or mixtures thereof. 



WO 2005/040289 



PCT/EP2004/052448 



-9- 

Suitable UV-curable resins include the amides of identical or different unsaturated 
carboxylic acids with aromatic, cycloaliphatic and aliphatic polyamines having preferably 
from 2 to 6, particularly from 2 to 4 amino groups. Examples of such polyamines are 
ethylenediamine, 1,2- or 1 ,3-propylenediamine, 1,2-, 1,3- or 1 ,4-butylenediamine, 1,5- 
pentylenediamine, 1 ,6-hexylenediamine, octylenediamine, dodecylenediamine, 1,4- 
diaminocyclohexane, isophoronediamine, phenylenediamine, bisphenylenediamine, di- 
p-aminoethyl ether, diethylenetriamine, triethylenetetramine, di(P-aminoethoxy)- or di((5- 
aminopropoxy)ethane. Further suitable polyamines are polymers and copolymers containing 
possibly additional amino groups in the side chain, and oligoamides having amino end 
groups. Examples of such unsaturated amides are: methylenebisacrylamide, 1,6- 
hexamethylenebisacrylamide, diethylenetriaminetrismethacrylamide, 
bis(methacrylamidopropoxy)ethane, p-methacrylamidoethyl methacryiate, and N-[((3- 
hydroxyethoxy)ethyl]acrylamide. 

Suitable unsaturated polyesters and polyamides are derived, for example, from maleic acid 
and diols or diamines. The maleic acid may have been replaced in part by other dicarboxylic 
acids. They may be used together with ethylenically unsaturated comonomers, e.g. styrene. 
The polyesters and polyamides may also be derived from dicarboxylic acids and 
ethylenically unsaturated diols or diamines, especially from relatively long chain ones 
having, for example, from 6 to 20 carbon atoms. Examples of polyurethanes are those 
synthesized from saturated or unsaturated diisocyanates and unsaturated or saturated diols, 
respectively. 

Polybutadiene and polyisoprene and copolymers thereof are known. Examples of suitable 
comonomers are olefins such as ethylene, propene, butene, hexene, (meth)acrylates, acry- 
lonitrile, styrene or vinyl chloride. Polymers containing (meth)acrylate groups in the side 
chain are likewise known. They may comprise, for example, reaction products of novolak- 
based epoxy resins with (meth)acrylic acid, homopolymers or copolymers of vinyl alcohol or 
the hydroxyalkyl derivatives thereof that have been esterified with (meth)acrylic acid, or 
homopolymers and copolymers of (meth)acrylates esterified with hydroxyalkyl (meth)acry- 
lates. 

The UV-curable resins may be used alone or in any desired mixtures. Preference is given to 
using mixtures of polyol (meth)acrylates. 
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It is also possible to add binders to the compositions of the invention, which is especially 
appropriate when the photopolymerizable compounds are liquid or viscous substances. The 
amount of the binder can be for example 5-95, preferably 10-90 and especially 40-90% by 
weight, based on the overall solids. The choice of binder is made depending on the field of 
use and the properties required for that field, such as developability in aqueous and organic 
solvent systems, adhesion to substrates, and oxygen sensitivity, for example. 

The unsaturated compounds may also be used in a mixture with non -photopolymerizable 
film-forming components. These may be, for example, physically drying polymers or their 
solutions in organic solvents, such as nitrocellulose or cellulose acetobutyrate, for example. 
They may also, however, be chemically and/or thermally curable resins, such as polyiso- 
cyanates, polyepoxides or melamine resins, for example. By melamine resins are meant not 
only condensates of melamine (I.S.S-triazine^^^-triamine) but also those of melamine 
derivatives. In general, the components comprise a film-forming binder based on a thermo- 
plastic or thermosettable resin, predominantly on a thermosettable resin. Examples thereof 
are alkyd, acrylic, polyester, phenolic, melamine, epoxy and polyurethane resins and mix- 
tures thereof. The additional use of thermally curable resins is of importance for use in what 
are known as hybrid systems, which may be both photopolymerized and also thermally 
crosslinked. 

Component (a) may comprise, for example, a coating composition comprising (a1) com- 
pounds containing one or more free-radically polymerizable double bonds and further con- 
taining at least one other functional group which is reactive in the sense of an addition reac- 
tion and/or condensation reaction (examples have been given above), (a2) compounds con- 
taining one or more free-radically polymerizable double bonds and further containing at least 
one other functional group which is reactive in a sense of an addition reaction and/or con- 
densation reaction, the additional reactive functional group being complementary to or reac- 
tive toward the additional reactive functional groups of component (a1), (a3) if desired, at 
least one monomeric, oligomeric and/or polymeric compound containing at least one func- 
tional group which is reactive in the sense of an addition reaction and/or condensation reac- 
tion toward the functional groups from component (a1) or component (a2) that are present in 
addition to the free-radically polymerizable double bonds. 
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Component (a2) carries in each case the groups which are reactive toward or complementa- 
ry to component (a1). In this context it is possible in each case for different kinds of functio- 
nal groups to be present in one component. In component (a3) there is a further component 
available containing functional groups which are reactive in the sense of addition reactions 
and/or condensation reactions and which are able to react with the functional groups of (a1) 
or (a2) that are present in addition to the free-radically polymerizable double bonds. Compo- 
nent (a3) contains no free-radically polymerizable double bonds. Examples of such 
combinations of (a1), (a2), (a3) can be found in WO-A-99/55785. Examples of suitable 
reactive functional groups are selected, for example, from hydroxyl, isocyanate, epoxide, 
anhydride, carboxyl or blocked amino groups. Examples have been described above. 

The coating compositions may additionally comprise one or more components taken, for 
example, from the group consisting of pigments, dyes, fillers, flow control agents, disper- 
sants, thixotropic agents, adhesion promoters, antioxidants, light stabilizers and curing cata- 
lysts such as, for example, the following: 

1 . Antioxidants 

1.1. Alkylated monophenols . for example 2,6-di-tert-butyl-4-methylphenol, 2-tert-butyl-4,6-di- 
methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,6-di-tert-butyl-4-n-butylphenol, 2,6-di-tert-bu- 
tyl-4-isobutylphenol, 2,6-dicyclopentyl-4-methylphenol, 2-(a-methylcyclohexyl)-4,6-dimethyl- 
phenol, 2,6-dioctadecyl-4-methylphenol, 2,4,6-tricyclohexylphenol, 2,6-di-tert-butyl-4-meth- 
oxymethylphenol, nonylphenols which are linear or branched in the side chains, for example 
2,6-di-nonyl-4-methylphenol, 2,4-dimethyl-6-(1 -methylundec-1 -yl)phenol , 2,4-dimethyl-6-(1 - 
methyIheptadec-1'-yl)phenol, 2,4-dimethyl-6-(1 , -methyltridec-1 , -yl)phenol and mixtures there- 
of. 

1.2. Alkvlthiomethvlphenols . for example 2,4-dioctylthiomethyl-6-tert-butylphenol, 2,4-dioctyl- 
thiomethyl-6-methylphenol, 2,4-dioctylthiomethyl-6-ethylphenol, 2,6-di-dodecylthiomethyl-4- 
nonylphenol. 

1.3. Hvdroauinones and alkylated hvdroauinones . for example 2,6-di-tert-butyl-4-rnethoxy- 
phenol, 2,5-di-tert-butyihydroquinone, 2,5-di-tert-amylhydroquinone, 2,6-diphenyl-4-octade- 
cyloxyphenol, 2,6-di-tert-butylhydroquinone, 2,5-di-tert-butyl-4-hydroxyanisoIe, 3,5-di-tert-bu- 
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tyl-4-hydroxyanisole, 3,5-di-tert-butyl-4-hydroxyphenyl stearate, bis(3,5-di-tert-butyl-4-hy- 
droxyphenyl) adipate. 

1.4. Tocopherols , for example cc-tocopherol, p-tocopherol, y-tocopheroi, S-tocopheroI and 
mixtures thereof (vitamin E). 

1.5. Hvdroxvlated thiodiphenvl ethers , for example 2 > 2 , -thiobis(6-tert-butyl-4-methylphenol), 
2,2 , -thiobis(4-octylphenol), 4,4 , -thiobis(6-tert-butyl-3-methylphenol), 4,4'-thiobis(6-tert-butyl- 
2-methylphenol), 4 l 4 , -thiobis(3,6-di-sec-amylphenoI), 4,4 , -bis(2,6-dimethyl-4-hydroxyphenyl)- 
disulfide. 

1.6. Alkvlidenebisphenols . for example 2,2 , -methylenebis(6-tert-butyl-4-methylphenol) I 2,2'- 
methylenebis(6-tert-butyl-4-ethyIphenol), 2,2 , -methylenebis[4-methyl-6-(a-methylcyclohexyl)- 
phenol], 2,2 , -methylenebis(4-methyl-6-cyclohexylphenol), 2,2'-methylenebis(6-nonyl-4- 
methylphenol), 2,2 , -methylenebis(4,6-di-tert-butylphenol), 2,2 , -ethylidenebis(4,6-di-tert-butyl- 
phenol), 2,2 , -ethylidenebis(6-tert-butyl-4-isobutylphenol), 2,2 , -methyIenebis[6-(a-methytben- 
zyl)-4-nonylphenol], 2,2 , -methylenebis[6-(a,a-dimethylbenzyl)-4-nonylphenol], 4,4'-methy- 
lenebis(2,6-di-tert-butylphenol), 4,4 , -methylenebis(6-tert-butyl-2-methylphenol) , 1 , 1 -bis(5- 
tert-butyl-4-hydroxy-2-methylphenyl)butane, 2,6-bis(3-tert-butyl-5-methyl-2-hydroxybenzyl)- 
4-methylphenol, 1 ,1 .S-trisCS-tert-butyM-hydroxy^-methylphenyObutane, 1 ,1 -bis(5-tert-butyl- 
4-hydroxy-2-methylphenyl)-3-n-dodecylmercaptobutane, ethylene glycol bis[3,3-bis(3-tert- 
butyW-hydroxyphenyObutyrate], bis(3-tert-butyI-4-hydroxy-5-methyl-phenyl)dicyclopenta- 
diene, bisp-CS'-tert-butyl^-hydroxy-S-methylbenzyl)^^^ 

late, 1,1 -bis-(3,5-dimethyl-2-hydroxyphenyl)butane, 2,2-bis(3,5-di-tert-butyl-4-hydroxyphe- 
nyl)propane, 2 I 2-bis-(5-tert-butyl-4-hydroxy2-methylphenyl)-4-n-dodecyImercaptobutane > 
1 ,1 ,5,5-tetra(5-tert-butyl-4-hydroxy-2-methylphenyl)pentane. 

1.7. Q-. N- and S-benzvl compounds , for example S^^SMetra-tert-butyM^-dihydroxydi- 
benzyl ether, octadecyl-4-hydroxy-3,5-dimethyIbenzylmercaptoacetate, tridecyl-4-hydroxy- 
3,5-di-tert-butylbenzylmercaptoacetate, tris(3,5-di-tert-butyl-4-hydroxybenzyl)amine, bis(4- 
tert-butyl-3-hydroxy-2,6-dimethylbenzyl)dithioterephthalate, bis(3,5-di-tert-butyl-4-hydroxy- 
benzyl)suffide, isooctyl-3,5-di-tert-butyl-4-hydroxybenzylmercaptoacetate. 
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1.8. Hvdroxvbenzvlated malonates , for example dioctadecyl-2,2-bis(3,5-di-tert-butyI-2-hy- 
droxybenzyl)malonate, di-octadecyl-2-(3-tert-butyl-4-hydroxy-5-methylbenzyl)maionate, di- 
dodecylmercaptoethyl-2 l 2-bis(3,5-di-tert--butyl-4-hydroxybenzyl)malonate, bis[4-(1,1,3,3-te- 
tramethylbutyl)phenyl]-2,2-bis^ 

1.9. Aromatic hvdroxvbenzvl compounds , for example 1 ,3,5-tris(3,5-di-tert-butyl-4-hydroxy- 
benzyl)-2,4,6-trimethylbenzene, 1,4-bis(3 1 5-di-tert-butyl-4-hydroxybenzyl)-2,3,5 l 6-tetrame- 
thylbenzene, 2,4 l 6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)phenoL 

1.10. Triazine compounds , for example 2,4-bis(octylmercapto)-6-(3,5-di-tert-butyl-4-hydroxy- 
anilino)-1 ,3,5-triazine, 2-octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyanilino)-1 l 3 I 5-tri- 
azine, 2-octyImercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyphenoxy)-1 ,3,5-triazine, 2,4,6-tris- 
(S.S-di-tert-butyW-hydroxyphenoxyJ-I^.S-triazine, 1 > 3,5-tris(3,5-di-tert-butyl-4-hydroxyben- 
zyl)isocyanurate, 1 ,3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl)isocyanurate I 2,4,6-tris- 
(3,5-di-tert-butyl-4-hydroxyphenylethyl)-1 ,3,5-triazine, 1,3,5-tris(3,5-di-tert-butyl-4-hydroxy- 
phenylpropionyl)-hexahydro-1 ,3,5-triazine, 1,3,5-tris(3,5-dicyclohexyl-4-hydroxybenzyl)iso- 
cyanurate. 

1.11. Benzvlphosphonates . for example dimethyl-2,5-di-tert-butyl-4-hydroxybenzylphospho- 
nate, diethyl-3,5-di-tert-butyl-4-hydroxybenzylphosphonate, dioctadecyl3,5-di-tert-butyI-4-hy- 
droxybenzylphosphonate, dioctadecyl-5-tert-butyl-4-hydroxy-3-methylbenzylphosphonate, 
the calcium salt of the monoethyl ester of 3,5-di-tert-butyl-4-hydroxybenzylphosphonic acid. 

1.12. Acvlaminophenols . for example 4-hydroxylauranilide, 4-hydroxystearanilide, octyl N- 
(3,5-di-tert-butyI-4-hydroxyphenyl)carbamate. 

1.13. Esters of p-(3.5-di-tert-butvl-4-hvdroxvphenvl)propionic acid with mono- or polyhydric 
alcohols, e.g. with methanol, ethanol, n-octanol, i-octanol, octadecanol, 1,6-hexanediol, 1,9- 
nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethy- 
lene glycol, Methylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N'-bis(hy- 
droxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylol- 
propane, 4-hydroxymethyI-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane. 
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1.14. Esters of (3-(54ert-butvl-4-hvdroxy-3-methvlDhenvnpropionic acid with mono- or poly- 
hydric alcohols, e.g. with methanol, ethanol, n-octanol, i-octanol, octadecanol, 1 ,6-hexanedi- 
ol, 1,9-nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodiethylene glycol, 
diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N'-bis- 
(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethyl- 
olpropane, 4-hydroxymethyM -phospha-2,6,7-trioxabicyclo[2.2.2]octane; 3,9-bis[2-{3-(3-tert- 
butyM-hydroxy-5-methylphenyl)propionyloxyH^ 

undecane. 

1.15. Esters of [H3.5-dicvclohexvl-4-hvdroxvphenv0propionic acid with mono- or polyhydric 
alcohols, e.g. with methanol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, 
ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethylene glycol, 
triethylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N , -bis(hydroxyethyl)ox- 
amide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylolpropane, 4-hy- 
droxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane, 

1.16. Esters of 3.5-di-tert-buM-4-hvdroxvphenvl acetic acid with mono- or polyhydric alco- 
hols, e.g. with methanol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, 
ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethylene glycol, 
triethylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N'-bis(hydroxyethyl)ox- 
amide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylolpropane, 4-hy- 
droxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2,2]octane, 

1.17. Amides of B-(3.5-di-tert-butvl-4-hvdroxyphenvl)propionic acid e.g. N,N f -bis(3,5-di-tert- 
butyl-4-hydroxyphenylpropionyl)hexamethylenediamide, N,N'-bis(3,5-di-tert-butyl-4-hydroxy- 
phenylpropionyl)trimethylenediamide, N,N , -bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)hy- 
drazide, N,N , -bis[2-(3-[3,5-di-tert-butyl-4-hydroxyphenyl]propionyloxy)ethyl]oxamide (Nau- 
gard®XL-1, supplied by Uniroyal). 

1.18. Ascorbic acid (vitamin C) 



1.19. Aminic antioxidants , for example N.N'-di-isopropyl-p-phenylenediamine, N,N'-di-sec- 
butyl-p-phenylenediamine, N,N'-bis(1 ,4-dimethylpentyl)-p-phenylenediamine, N,N , -bis(1 - 
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ethyl-3-methy!pentyl)-p-phenylenediamine, N^'-bisfl-methylheptyO-p-phenylenediamine, 
NK-dicyclohexyl-p-phenylenediamine, N.N'-diphenyl-p-phenylenediamine, N,N'-bis(2- 
naphthyl)-p-phenylenediamine, N-isopropyl-N'-phenyl-p-phenylenediamine, N-(1,3- 
dimethylbutyI)-N'-phenyI-p-phenylenediamine, N-(1-methylheptyl)-N'-phenyl-p- 
phenylenediamine, N-cyclohexyl-N'-phenyl-p-phenylenediamine, 4-(p- 

toluenesuIfamoyI)diphenylamine, N.N'-dimethyl-N.N-di-sec-butyl-p-phenylenediamine, 
diphenylamine, N-allyldiphenylamine, 4-isopropoxydiphenylamine, N-phenyl-1 - 
naphthylamine, N-(4-tert-octylphenyI)-1 -naphthylamine, N-phenyI-2-naphthyIamine, 
octylated diphenylamine, for example p.p'-di-tert-octyldiphenylamine, 4-n-butylaminophenol, 
4-butyrylaminophenol, 4-nonanoylaminophenol, 4-dodecanoylaminophenol, 4- 
octadecanoylaminophenol, bis(4-methoxyphenyl)amine J 2,6-di-tert-butyl-4-dimethylamino- 
methylphenol, 2,4 , -diaminodiphenyImethane, 4,4'-diaminodiphenyImethane, N.N^'.N-tetra- 
methyl-4,4'-diaminodiphenylmethane, 1 ,2-bis[(2-methylphenyl)amino]ethane, 1,2-bis(phenyl- 
amino)propane, (o-tolyl)biguanide, bis^-O^'-dimethylbutyOphenylJamine, tert-octylated N- 
phenyl-1 -naphthylamine, a mixture of mono- and dialkylated tert-butyl/tert-octyldiphenyl- 
amines, a mixture of mono- and dialkylated nonyldiphenylamines, a mixture of mono- and 
dialkylated dodecyldiphenylamines, a mixture of mono- and dialkylated isopropyl/isohexyl- 
diphenylamines, a mixture of mono- and dialkylated tert-butyldiphenylamines, 2,3-dihydro- 
S.S-dimethyMH-l^-benzothiazine, phenothiazine, a mixture of mono- and dialkylated tert- 
butyl/tert-octylphenothiazines, a mixture of mono- and dialkylated tert-octylphenothiazines, 
N-allylphenothiazine, dinonylphenothiazine, mono-nonylphenothiazine, a mixture of mono- 
and dialkylated nonylphenothiazine, N^^'^-tetraphenyl-l^-diaminobut^-ene, a mixture 
of one of the above disclosed unsubstituted or substituted diphenylamine with one of the 
above disclosed unsubstitutued or substituted phenothiazine. 

2. UV absorbers and light stabilizers 

2.1 . 2-(2 , -Hvdroxvphenvl)benzotriazoles . for example 2-(2 , -hydroxy-5 , -methylphenyl)benzo- 
triazole, 2-(3 l ,5 , -di-tert-butyl-2 , -hydroxyphenyl)benzotriazole, 2-(5 , -tert-butyl-2 , -hydroxyphe- 
nyl)benzotriazole, 2-(2 , -hydroxy-5 , -(1 ,1 ,3,3-tetramethylbutyl)phenyl)benzotriazole, 2-(3 , ,5 , -di- 
tert-butyl-2'-hydroxyphenyl)-5-chlorobenzotriazole l 2-(3 , -tert-butyl-2 , -hydroxy-5 , -methylphe- 
nyl)-5-chlorobenzotriazole, 2-(3 l -sec-butyl-5 , -tert-butyI-2 , -hydroxyphenyl)benzotriazole, 2-(2- 
hydroxy^-octyloxyphenyObenzotriazoIe, 2-(3\5'-di-tert-amyl-2 , - 
hydroxypheny!)benzotriazole, 2-(3^5 , -bis(a l a-dimethylbenzyl)-2 , - 
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hydroxyphenyl)benzotriazole, 2-(3 , -tert-butyl-2 , -hydroxy-5 , -(2-octyloxycarbonylethyl)phenyl)- 



methoxycarbonylethyl)phenyI)-5-chlorobenzotriazole, 2-(3 , -tert-butyl-2 , -hydroxy-5 , -(2-meth- 
oxycarbonylethyl)phenyl)benzotriazole, 2-(3 , -tert-butyl-2 , -hydroxy-5 , -(2-octyIoxycarbonyI- 
ethyl)phenyl)benzotriazoIe, 2-(3 , -tert-buty!-5 , -[2-(2-ethylhexyIoxy)carbonylethyl]-2 , -hydroxy- 
phenyl)benzotriazole, 2-(3 , -dodecyl-2 , -hydroxy-5 , -methylphenyl)benzotriazole, 2-(3-tert- 
butyl-2 , -hydroxy-5 , -(2-isooctyloxycarbonylethyl)phenylbenzotriazole, 2,2 , -methylenebis[4- 
(l^^^-tetramethylbutyO-e-benzotriazole^-ylpheno!]; the transesterification product of 2-[3- 
tert-butyl-5'-(2-methoxycarbony^ with polyethylene 

glycol 300; [r-CH 2 CH 2 — COO-CH 2 CH 2 -^ , where R = S'-tert-butyl-^-hydroxy-S'^H- 

benzotriazol-2-ylpheny!, 2-[2 , -hydroxy-3 , -(a,a-dimethylbenzyI)-5 , -(1 , 1 ,3,3- 

tetramethylbutyl)phenyl]benzotriazole; 2-[2 , -hydroxy-3 , -(1,1,3,3-tetramethylbutyl)-5 , -(«»oc- 
dimethylbenzyl)phenyI]benzotriazole. 

2.2. 2-Hvdroxvbenzophenones and Formamidines . for example the 4-hydroxy, 4-methoxy, 
4-octyloxy, 4-decyloxy, 4-dodecyloxy, 4-benzyloxy, 4,2',4'-trihydroxy and 2 , -hydroxy-4,4'-di- 
methoxy benzophenones; N-alkyl-N.N'-diarylformamidines, for example, benzoic acid, 4- 
[[(methylphenylamino)methylenejamino] ethyl ester [Tinuvin 101 (RTM), Ciba Specialty Che- 
micals Inc.]; benzoic acid, 4-[[(ethylphenylamino)methylene]amino] ethyl ester; 2-propenoic 
acid, 3-(4-methoxyphenyl)-, 2-ethylhexyI ester [Uvinul 3088 (RTM), BASFJ; 2-propenoic acid, 
2-cyano-3,3-diphenyl-, ethyl ester [Uvinul 3035 (RTM), BASF]; or 2-propenoic acid, 2-cyano- 
3,3-diphenyl-, 2-ethylhexyl ester [Uvinul 3039 (RTM), BASF]. 

2.3. Esters of substituted and unsubstituted benzoic acids , for example 4-tert-butylphenyl 
salicylate, phenyl salicylate, octylphenyl salicylate, dibenzoyl resorcinol, bis(4-tert-butylben- 
zoyl)resorcinol, benzoyl resorcinol, 2,4-di-tert-butylphenyl 3,5-di-tert-butyl-4-hydroxybenzo- 
ate, hexadecyl 3,5-di-tert-butyl-4-hydroxybenzoate, octadecyl 3,5-di-tert-butyl-4-hydroxyben- 
zoate, 2-methyl-4,6-di-tert-butylphenyl 3,5-di-tert-butyl-4-hydroxybenzoate. 



5-chlorobenzotriazole, 
hydroxyphenyl)-5-chlorobenzotriazole, 



2-(3 , -tert-butyl-5 , -[2-(2-ethylhexyloxy)carbonylethyl]-2 , - 

2-(3 , -tert-butyI-2'-hydroxy-5'-(2- 



2.4. Acrvlates . for example ethyl a-cyano-p,p-diphenylacrylate, isooctyl ccr-cyano-p,p-diphe- 
nylacrylate, methyl oc-carbomethoxycinnamate, methyl a-cyano-p-methyl-p-methoxycinna- 
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mate, butyl a-cyano-B-methyl-p-methoxycinnamate, methyl a-carbomethoxy-p-methoxycin- 
namate and N-(P-carbomethoxy-p-cyanovinyl)-2-methylindoline. 

2.5. Nickel compounds , for example nickel complexes of 2,2'-thiobis[4-(1,1,3,3-tetramethyl- 
butyl)phenol], such as the 1:1 or 1:2 complex, with or without additional ligands such as n- 
butylamine, triethanolamine or N-cyclohexyldiethanolamine, nickel dibutyldithiocarbamate, 
nickel salts of the monoalkyl esters, e.g. the methyl or ethyl ester, of 4-hydroxy-3,5-di-tert- 
butylbenzylphosphonic acid, nickel complexes of ketoximes, e.g. of 2-hydroxy-4-methylphe- 
nylundecylketoxime, nickel complexes of 1-phenyl-4-lauroyl-5-hydroxypyrazole, with or with- 
out additional ligands. 

2.6. Steri callv hindered amines , for example bis(2,2,6,6-tetramethyl-4-piperidyl)sebacate, 
bis(2,2,6,6-tetramethyl-4-piperidyl)succinate, bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate, 
bis(1 -octyloxy-2,2,6,6-tetramethyl-4-piperidyl)sebacate, bis(1 ,2,2,6,6-pentamethyl-4-piperi- 
dyl) n-butyl-3,5-di-tert-butyl-4-hydroxybenzylmalonate, the condensate of 1 -(2-hydroxyethyl)- 
2,2,6,6-tetramethyl-4-hydroxypiperidine and succinic acid, linear or cyclic condensates of 
N,N , -bis(2,2,6,6-tetramethyl-4-piperidyl)hexamethylenediamine and 4-tert-octylamino-2,6-di- 
chloro-1 ,3,5-triazine, tris(2,2,6,6-tetramethyl-4-piperidyl)nitrilotriacetate, tetrakis(2,2,6,6- 
tetramethyl-4-piperidyl)-1 ,2,3,4-butanetetracarboxylate, 1 , 1 '-(1 ,2-ethanediyl)-bis(3,3,5,5- 
tetramethylpiperazinone), 4-benzoyl-2,2,6,6-tetramethylpiperidine, 4-stearyloxy-2,2,6,6- 
tetramethylpiperidine, bis(1,2,2,6,6-pentamethylpiperidyl)-2-n-butyl-2-(2-hydroxy-3,5-di-tert- 
butylbenzyl)malonate, 3-n-octyl-7,7,9,9-tetramethyl-1,3,8-triazaspiro[4.5]decane-2,4-dione, 
bis(1 -octyloxy-2,2,6,6-tetramethylpiperidyl)sebacate, bis(1 -octyloxy-2,2,6,6- 
tetramethylpiperidyl)succinate, linear or cyclic condensates of N,N , -bis(2,2,6,6-tetramethyl-4- 
piperidyl)hexamethylenediamine and 4-morpholino-2,6-dichloro-1,3,5-triazine, the 
condensate of 2-chloro-4,6-bis(4-n-butyIamino-2,2,6,6-tetramethylpiperidyl)-1 ,3,5-triazine 
and 1 ,2-bis(3-aminopropylamino)ethane, the condensate of 2-chloro-4,6-di-(4-n-butylamino- 
1, 2,2, 6,6-pentamethylpiperidyl)-1 ,3,5-triazine and 1,2-bis(3-aminopropylamino)ethane, 8- 
acetyl-3-dodecyl-7,7,9,9-tetramethyl-1 ,3,8-triazaspiro[4.5]decane-2,4-dione, 3-dodecyl-1 - 
(2,2,6,6-tetramethyl-4-piperidyl)pyrrolidine-2,5-dione, 3-dodecyl-1-(1,2,2,6,6-pentamethyl-4- 
piperidyl)pyrrolidine-2,5-dione, a mixture of 4-hexadecyloxy- and 4-stearyloxy-2,2,6,6- 
tetramethylpiperidine, a condensate of N,N , -bis(2,2,6,6-tetramethyl-4- 
piperidyl)hexamethylenediamine and 4-cyclohexylamino-2,6-dichloro-1 ,3,5-triazine, a 
condensate of 1,2-bis(3-aminopropylamino)ethane and 2,4,6-trichloro-1 ,3,5-triazine as well 
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as 4-butylamino-2,2,6,6-tetramethylpiperidine (CAS Reg. No. [136504-96-6]); a condensate 
of 1 ,6-hexanediamine and 2,4,6-trichloro-1 ,3,5-triazine as well as N,N-dibutylamine and 4- 
butylamino-2,2,6,6-tetramethylpiperidine (CAS Reg. No. [192268-64-7]); N-(2,2,6,6- 
tetramethyl-4-piperidyl)-n-dodecylsuccinimide, N-(1,2,2,6,6-pentamethyl-4-piperidyl)-n- 
dodecylsuccinimide, 2-undecyl-7,7,9 l 9-tetramethyl-1-oxa-3,8-diaza-4-oxo-spiro[4,5]decane J 
a reaction product of 7,7,9,9-tetramethyI-2-cycloundecyl-1-oxa-3 f 8-diaza-4-oxospiro- 
[4,5]decane and epichlorohydrin, 1,1-bis(1,2,2 l 6 1 6-pentamethyl-4-piperidyloxycarbonyl)-2-(4- 
methoxyphenyl)ethene, N J N , -bis-formyl-N,N , -bis(2,2 J 6,6-tetramethyl-4- 
piperidyl)hexamethylenediamine, a diester of 4-methoxymethylenemalonic acid with 
1,2,2,6,6-pentamethyI-4-hydroxypiperidine, poly[methylpropyl-3-oxy-4-(2,2,6,6-tetramethyl-4- 
piperidyl)]siIoxane, a reaction product of maleic acid anhydride-cc-olefin copolymer with 
2,2,6,6-tetramethyl-4-aminopiperidine or 1 ,2,2,6,6-pentamethyl-4-aminopiperidine. 

2.7. Oxamides . for example 4,4'-dioctyloxyoxanilide, 2,2'-diethoxyoxanilide, 2,2'-dioctyloxy- 
S^'-di-tert-butoxanilide, 2,2 , -didodecyloxy-5,5 , -di-tert-butoxanilide, 2-ethoxy-2'-ethyIoxani- 
lide, N^'-bis^-dimethylaminopropyOoxamide, 2-ethoxy-5-tert-butyl-2 , -ethoxanilide and its 
mixture with 2-ethoxy-2 , -ethyl-5,4 , -di-tert-butoxanilide, mixtures of o- and p-methoxy- 
disubstituted oxanilides and mixtures of o- and p-ethoxy-disubstituted oxanilides. 

2.8. 2-(2-HvdroxyphenvD-1 .3.5-triazines . for example 2,4,6-tris(2-hydroxy-4-octyloxyphenyl)- 
1 ,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1 ,3,5-triazine, 2- 
(2 I 4-dihydroxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1 > 3,5-triazine, 2,4-bis(2-hydroxy-4-propyl- 
oxyphenyl)-6-(2,4-dimethylphenyl)-1 ,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(4- 
methylphenyl)-1 ,3,5-triazine, 2-(2-hydroxy-4-dodecyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)- 
1 ,3,5-triazine, 2-(2-hydroxy-4-tridecyloxyphenyl)-4,6-bis(2 > 4-dimethylphenyl)-1 ,3,5-triazine, 
2-[2-hydroxy-4-(2-hydroxy-3-butyloxypropoxy)phenyl]-4,6-bis(2,4-dimethyl)-1 ,3,5-triazine, 2- 
[2-hydroxy-4-(2-hydroxy-3-octyioxypropyloxy)phenyl]-4,6-bis(2,4-dimethyl)-1,3,5-tri 2- 
[4-(dodecyloxy/tridecyloxy-2-hydroxypropoxy)-2-hydroxyphenyI]-4,6-bis(2,4-dimethylphenyl)- 
1 ,3,5-triazine, 2-[2-hydroxy-4-(2-hydroxy-3-dodecyloxypropoxy)phenyl]-4,6-bis(2,4-dimethyl- 
phenyl)-1 ,3,5-triazine, 2-(2-hydroxy-4-hexyloxy)phenyl-4,6-diphenyl-1 ,3,5-triazine, 2-(2-hy- 
droxy-4-methoxyphenyl)-4,6-diphenyl-1,3,5-triazine, 2,4,6-tris[2-hydroxy-4-(3-butoxy-2-hy- 
droxypropoxy)phenyl]-1,3,5-triazine, 2-(2-hydroxyphenyl)-4-(4-methoxyphenyl)-6-phenyl- 
1,3,5-triazine, 2-{2-hydroxy-4-[3-(2-ethylhexyl-1-oxy)-2-hydroxypropyloxy]phenyl}-4,6-bis- 
(2,4-dimethylphenyl)-1 ,3,5-triazine. 
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3. Metal deactivators , for example N.N'-diphenyioxamide, N-saticylal-N'-salicyloyl hydrazine, 
N,N'-bis(salicyloyl)hydrazine, N l N , -bis(3,5-di-tert-butyl-4-hydroxyphenylpropioriyl)hydrazine f 
3-salicyloylamino-1 ,2,4-triazole, bis(benzylidene)oxalyl dihydrazide, oxanilide, isophthaloyl 
dihydrazide, sebacoyl bisphenylhydrazide, N^N'-diacetyladipoyl dihydrazide, N,N'-bis(salicyI- 
oyl)oxalyl dihydrazide, N,N'-bis(salicyloyl)thiopropionyl dihydrazide. 

4. Phosphites and phosphonites . for example triphenyl phosphite, diphenylalky! phosphites, 
phenyldialkyl phosphites, tris(nonylphenyl) phosphite, trilauryl phosphite, trioctadecyl phos- 
phite, distearylpentaerythritol diphosphite, tris(2,4-di-tert-butylphenyl) phosphite, diisodecyl 
pentaerythritol diphosphite, bis(2,4-di-tert-butylphenyl)pentaerythritoI diphosphite, bis(2,4-di- 
cumylphenyl)pentaerythritol diphosphite, bis(2,6-di-tert-butyI-4-methylphenyl)pentaerythritol 
diphosphite, diisodecyloxypentaerythritol diphosphite, bis(2,4-di-tert-butyl-6-methylphenyl)- 
pentaerythritol diphosphite, bis(2,4,6-tris(tert-butylphenyl)pentaerythritol diphosphite, tristea- 
ryl sorbitol triphosphite, tetrakis(2,4-di-tert-butylphenyl) 4,4-biphenylene diphosphonite, 6- 
isooctyloxy^^^^O-tetra-tert-butyl-^H-dibenzfd.gl-l^^-dioxaphosphocin, bis(2,4-di-tert- 
butyl-6-methy[pheny!)methyl phosphite, bis(2,4-di-tert-butyl-6-methylphenyI)ethyI phosphite, 
6-fIuoro-2,4,8,10-tetra-tert-butyl-l2-methyl-dibenz[d,g]-1,3,2-dioxaphosphocin, 2,2 l ,2 ,, -nitrilo- 
[triethyltrisCS^'.S^'-tetra-tert-butyl-l , 1 '-biphenyl^'-diyOphosphite], 2-ethylhexyi(3,3 , l 5,5 , -te- 
tra-tert-butyl-U-biphenyl^^'-diylJphosphite, S-butyl-S-ethyi^^^.S-tri-tert-butylphenoxy)- 
1 ,3,2-dioxaphosphirane. 

5. Hvdroxvlamines . for example N,N-dibenzylhydroxylamine, N,N-diethylhydroxylamine, N,N- 
dioctylhydroxylamine, N,N-dilaurylhydroxylamine, N,N-ditetradecylhydroxylamine, N,N- 
dihexadecylhydroxylamine, N,N-dioctadecylhydroxylamine, N-hexadecyl-N-octadecylhydrox- 
ylamine, N-heptadecyl-N-octadecylhydroxylamine, N,N-dialkylhydroxylamine derived from 
hydrogenated tallow amine. 

6. Nitrones . for example N-benzyl-alpha-phenylnitrone, N-ethyl-alpha-methylnitrone, N-octyl- 
alpha-heptylnitrone, N-lauryl-alpha-undecylnitrone, N-tetradecyl-alpha-tridecylnitrone, N- 
hexadecyl-alpha-pentadecylnitrone, N-octadecyl-alpha-heptadecylnitrone, N-hexadecyl-al- 
pha-heptadecylnitrone, N-ocatadecyl-alpha-pentadecylnitrone, N-heptadecyl-alpha-hepta- 
decylnitrone, N-octadecyl-alpha-hexadecylnitrone, nitrone derived from N,N-dialkyIhydroxyl- 
amine derived from hydrogenated tallow amine. 
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7. Thiosvnerqists . for example dilauryl thiodipropionate or distearyl thiodipropionate. 

8. Peroxide scavengers , for example esters of p-thiodipropionic acid, for example the lauryl, 
stearyl, myristyl or tridecyl esters, mercaptobenzimidazole or the zinc salt of 2-mercapto- 
benzimidazole, zinc dibutyldithiocarbamate, dioctadecyl disulfide, pentaerythritol tetrakis(P- 
dodecylmercapto)propionate. 

9. Basic co-stabilisers , for example melamine, polyvinylpyrrolidone, dicyandiamide, triallyl 
cyanurate, urea derivatives, hydrazine derivatives, amines, polyamides, polyurethanes, 
alkali metal salts and alkaline earth metal salts of higher fatty acids, for example calcium 
stearate, zinc stearate, magnesium behenate, magnesium stearate, sodium ricinoleate and 
potassium palmitate, antimony pyrocatecholate or zinc pyrocatecholate. 

10. Fillers and reinforcing agents , for example calcium carbonate, silicates, glass fibres, 
glass bulbs, asbestos, talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, car- 
bon black, graphite, wood flour and flours or fibers of other natural products, synthetic 
fibers. 

11. Other additives , for example plasticisers, lubricants, emulsifiers, pigments, rheology 
additives, catalysts, flow-control agents, optical brighteners, flameproofing agents, antistatic 
agents and blowing agents. 

12. Benzofuranones and indolinones . for example those disclosed in U.S. 4,325,863; 
U.S. 4,338,244; U.S. 5,175,312; U.S. 5,216,052; U.S. 5,252,643; DE-A-4316611; 
DE-A-4316622; DE-A-4316876; EP-A-0589839; EP-A-0591102 or EP-A-1291384 or 3-[4-(2- 
acetoxyethoxy)phenyl]-5,7-di-tert-butylbenzofuran-2-one, 5,7-di-tert-butyl-3-[4-(2-stearoyl- 
oxyethoxy)phenyl]benzofuran-2-one, 3,3 , -bis[5,7-di-tert-buty!-3-(4-[2-hydroxyethoxy]phenyl)- 
benzofuran-2-one], S^-di-tert-butyl-S^-ethoxyphenyObenzofuran^-one, 3-(4-acetoxy-3,5- 
dimethylphenyl)-5,7-di-tert-butylbenzofuran-2-one, 3-(3,5-dimethyl-4-pivaloyloxyphenyl)-5,7- 
di-tert-butylbenzofuran-2-one, 3-(3 ( 4-dimethylphenyl)-5,7-di-tert-butylbenzofuran-2-one, 3- 
(2,3-dimethylphenyl)-5,7-di-tert-butylbenzofuran-2-one or 3-(2-acetyI-5-isooctylphenyl)-5-iso- 
octylbenzofuran-2-one. 
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The further additives are added, for example, in concentrations of 0.01 to 10%, relative to 
the total weight of the coating composition. 

The pigments are, for example, titanium dioxide, iron oxide, aluminium bronze or phthalo- 
cyanine blue. 

Examples of fillers are talc, alumina, aluminium silicate, barytes, mica, and silica. 

Flow control agents and thixotropic agents are based, for example, on modified bentonites. 

Adhesion promoters are based, for example, on modified silanes. 

Suitable curing catalysts are for example photoinitiators. Photoinitiators suitable for use in 
the process according to the invention are in principle any compounds and mixtures that 
form one or more free radicals when irradiated with electromagnetic waves. These include 
initiator systems consisting of a plurality of initiators and systems that function independently 
of one another or synergistically. In addition to coinitiators, for example amines, thiols, bo- 
rates, enolates, phosphines, carboxylates and imidazoles, it is also possible to use sensi- 
tisers, for example acridines, xanthenes, thiazenes, coumarins, thioxanthones, triazines and 
dyes. A description of such compounds and initiator systems can be found e.g. in Crivello 
J.V., Dietliker K.K., (1999): Chemistry & Technology of UV & EB Formulation for Coatings, 
Inks & Paints, and in Bradley G. (ed.) Vol. 3: Photoinitiators for Free Radical and Cationic 
Polymerisation 2nd Edition, John Wiley & Son Ltd. Such compounds and derivatives are 
derived, for example, from the following classes of compounds: benzoins, benzil ketals, 
benzophenones, acetophenones, hydroxyalkylphenones, aminoalkylphenones, acylphos- 
phine oxides, bisacylphosphine oxides, acylphosphine sulfides, bisacylphosphine sulfides 
acyloxyiminoketones, alkylamino-substituted ketones, such as Michler's ketone, peroxy 
compounds, dinitrile compounds, halogenated acetophenones, phenylglyoxylates, dimeric 
phenylglyoxalates, benzophenones, oximes and oxime esters, thioxanthones, coumarins, 
ferrocenes, titanocenes, onium salts, sulfonium salts, iodonium salts, diazonium salts, bo- 
rates, triazines, bisimidazoles, polysilanes and dyes. It is also possible to use combinations 
of the compounds from the mentioned classes of compounds with one another and combi- 
nations with corresponding coinitiator systems and/or sensitisers. 
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Of special interest is a coating composition wherein the solid content of component (b) is 
present in an amount of from 0.01 to 20 %, preferably from 0.05 to 5% by weight, in particu- 
lar from 0.1 to 5% by weight, and most preferably 0.1 to 4% by weight, based on the weight 
of the overall solids content of the coating composition. 

The present invention relates also to a process for the preparation of a coating composition, 
which comprises mixing the first component (a) with component (b); distillation of the solvent 
under normal pressure at a temperature range of 50 to 140°C til most or all of the solvent is 
evaporated; and optionally, adding the second component (a). 

Of special interest is a process for the prepartion of a coating composition wherein the first 
component (a) is a polyol and the second component (a) is a polyisocyanate; or the first 
component (a) is a polyacrylate and the second component (a) is melamine. 

The coating materials can be applied to the substrate by the customary techniques, for 
example by spraying, dipping, spreading or electrodeposition. In many cases, a plurality of 
coats are applied. Depending on whether the binder is a physically, chemically or oxidatively 
drying resin or a heat-curing or radiation-curing resin, the coating is cured at room tempe- 
rature or by heating (staving) or by irradiation. 

The coating material is preferably a clearcoat or topcoat for metallic substrates such as, for 
example, iron, steel, copper, zinc or aluminium, and alloys thereof; plastics; or automotive 
substrates. 

Also of interest are multi-component composite coating compositions which comprise a 
basecoat deposited from a pigmented coating composition, and any one of the foregoing 
cured compositions according to the present invention formed as topcoat over the basecoat. 

Component (b) has additionally the advantage that it favourably affect the adhesion 
between coating and metal, shows no adverse effects on the storage stability of the novel 
coating compositions, and exhibit good compatibility with the binder. 
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A preferred embodiment of the present invention is therefore the use of component (b) as 
reinforcer of coatings and improver of scratch resistance in coating compositions for sur- 
faces. 

The present invention also relates to a process for protecting a substrate, which comprises 
applying thereto a coating composition comprising components (a) and (b) and then drying 
and/or curing it. 

The present invention likewise relates to a process for preparing a reinforced coating with 
improved scratch resistance on a surface, which comprises treating this surface with a 
coating composition comprising components (a) and (b), and then drying and/or curing it. 

The examples, which follow, illustrate the invention in more detail. Parts and percentages 
are by weight. 

Example 1 : Preparation of Sol 101. 

a) Preparation of a polyol component P1. 

54.8 g of Macrynal SM 51 On (60% supply form from Solutia), 11.5 g of butylglycol acetate, 
4.70 g of Solvesso 100 (obtained from Exxon), 5.68 g of Methyl isobutyl ketone, 0.07 g of 
zinc octoate and 0.15 g of BYK 300 (Byk-Chemie, Germany, anti-foaming agent) is mixed to 
give 76.9 of the polyol component P1. 

b) Preparation of Sol 1 01 . 

64.6 g of tetraethoxysilane (Fluka AG, Switzerland) is diluted with methanol to a total volume 
of 500 ml. The clear solution is added simultaneously with a solution of 12.5 g of ammonia 
and 37.5 g of water both dissolved in totally 500 ml of methanol into a 11 round bottom flask. 
The solution is stirred for two hours. After this time dynamic light scattering indicates a par- 
ticle size of 23 nm. 21.55 g of this solution is added to 29.98 g of the polyol component P1 
prepared according to Example 1a and thoroughly mixed by stirring. The mixture is concen- 
trated by distillation of volatiles to a final weight of 28.06 g of Sol 101 with 35.8% of residual 
solids. 
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Example 2 : Preparation of Sol 102. 

3.17 g of the methanolic solution prepared according to Example 1b is added to 30.02 g of 
the polyol component P1 prepared according to Example 1a and thoroughly mixed by 
stirring. The mixture is concentrated by distillation of volatiles to a final weight of 30.78 g of 
Sol 102 with 40.6% residua! solids. 

Example 3 : Preparation of Sol 103. 

11.2 g of tetraethoxysilane (Fluka AG, Switzerland) is diluted with ethanol to a total volume 
of 90 ml. The clear solution is added simultaneously with a solution of 2.59 g of ammonia 
and 7.77 g of water both dissolved in totally 90 ml ethanol into a 250ml round bottom flask. 
The solution is stirred for 5 hours. After this time dynamic light scattering/transmission elec- 
tron microscopy indicates a particle size of 100 nm. 60.05 g of this solution is added to 
51.30 g of the polyol component P1 prepared according to Example 1a and thoroughly 
mixed by stirring. The mixture is concentrated by evaporation at 42°C at 225 mmbar to a 
give 56.68 g of Sol 103 with 49.8% residual solids. 

Example 4 : Preparation of Sol 104. 

27.50 g of tetraethoxysilane (Fluka AG, Switzerland) is diluted with methanol to a total 
volume of 250 ml. The clear solution is added simultaneously with a solution of 8.75 g of 
ammonia and 26.25 g of water both dissolved in a total of 250 m of methanol into a 500 ml 
round bottom flask. The solution is stirred for 2 hours. After this time dynamic light scattering 
indicates a particle size of 162 nm. 3.43 g of this solution is added to 40.04 g of the polyol 
component P1 prepared according to Example 1a and mixed thoroughly by stirring. The 
weight of this mixture is adjusted by distillation of volatiles to give 25.75 g of Sol 104 with 
43.1% residual solids. 

Example 5 : Preparation of Sol 105. 

1 .2 Liter of ethanol and 70 ml of aqueous ammonia (25%) are mixed in a 1 .5 liter flask and 
stirred for 5 minutes. Then 167.1 g (180 ml) of tetraethoxysilane is added at once and the 
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solution is stirred for 2 days at ambient temperature. One liter of this solution is transferred 
to another 1.5 liter flask and 31.35 g (30 ml) of 3-methacryloyloxypropyl-trimethoxysilane 
(Silan A174, Fluka, purum) added at once and stirred for 1 hour. Nitrogen is bubbled 
through this "sol" first at room temperature during two hours and then at 75°C until the 
volume of the sol decreased to ca. 250 ml. 100 ml of hexane is added and the white 
precipitate isolated by centrifugation (2000 rpm, 7 min.). The precipitate is purified by re- 
suspension in a mixture of 100 ml of hexane and 30 ml of ethanol and isolated by 
centrifugation as above. 50 ml of n-butyl acetate is added and the mixture is vigorously 
shaken for 2 hours until a homogeneous, stable, slightly opaque dispersion of silica 
nanoparticles is obtained. The particle size is 132 nm, as determined by transmission 
electron microscopy (TEM) and the solid content is 35 wt.%. 

Example 6 : Scratch resistance of polyurethane coatings. 

A specific amount (see Table 1) of Sols 101 - 104 as prepared according to Examples 1-4 
are treated with 2.31 g of Desmodur N 75 (RTM) (Isocyanate from Bayer). The resulting 
clear coat formulation (solids content 50%) is subsequently applied as transparent topcoat 
at a dry film thickness of 40jim onto aluminium panels (10 cm x 30 cm) precoated with a 
black basecoat. After application, the clear coat is cured at 80°C for 45 minutes. 

The scratch resistance of the coated panels is measured using the following method: The 
20° gloss of the panels is measured 48 hours after curing (DIN 67 530). The panels are sub- 
sequently exposed to scratching by an Amtec Kistler apparatus for the number of cycles as 
indicated in Table 1. The 20° gloss is measured again on the scratched area of each test 
panel. The results are summarized in Table 1. 



Table 1: 



Example 


Sol 


wt.-% silica 


particle 
size (nm) 


initial 
gloss 


gloss after 
10 cycles 


gloss after 
20 cycles 


6a a) 








83 


57 


34 


6b b > 


7.80 g 101 


3.7 


23 


91 


n.m. 0) 


40 


6c b > 


8.57 g 102 


0.53 


23 


90 


69 


49 
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6d b > 


7.20 g 103 


13.5 


100 


74 


62 


54 


6e b > 


7.70 g 104 


; 0.52 


162 


89 


73 


69 



a) Comparison Example. 

b) Example according to the invention. 

c) not measured. 

Example 7 : Scratch resistance of a UV-curable coating. 

A specific amount (see Table 3) of Sol 105 as prepared according to Example 5 was added 
to 50 g of the resin mixture according to Table 2. 



Table 2: 



parts by weight 


Resin 


57.3 


Ebecryl 284 (RTM) a> 


41.4 


Roskydal UA VP LS2308 (RTM) b) 


1.3 


Glide 100(RTM) C) 


0.3 


lrgacure184(RTM) d) 



a) Ebecryl 284 (RTM) (UCB Chemicals) contains 88 parts of aliphatic urethaneacrylate and 
12 parts of hexaneioldiacrylate. 

b) Roskydal UA VP LS2308 (RTM) (Bayer AG) is a aliphatic urethane tri/tetraacrylate. 

c) Glide 100 (RTM) (Tego Chemicals) is a flow agent. 

d) Irgacure 184 (RTM) (Ciba Specialty Chemicals Inc.) is an oc-hydroxyketone 
photoinitiator. 

The resulting clear coat formulation which contains 20 wt% silica was subsequently applied 
as transparent topcoat at a dry film thickness of 40p,m onto aluminium panels (10cm x 30 
cm) precoated with a black basecoat. After application, the solvent was flashed off at 80°C 
during 10 minutes in an oven. The clear coat is cured under two mercury medium preassure 
lamps with 120 W/cm each with a convayor belt speed of 5 m/minute. 
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The scratch resistance of the coated panels were measured in analogy to Example 6. The 
results are summarized In Table 3. 

Table 3: 



Example 


Sol 


wt.-% silica 


particle 
size (nm) 


initial 
gloss 


gloss after 
1 0 cycles 


gloss after 
20 cycles 


7a a) 








86 


71 


44 


7b b) 


11.8 g 105 


20 


132 


86 


74 


47 



a) Comparison Example. 

b) Example according to the invention. 



